Background: Mirror movements (MM) are not widely appreciated in parkinsonism and no report has evaluated this clinical sign in detail. Objectives: To define the parkinsonian clinical features associated with MM in patients with early, asymmetric parkinsonism. Methods: Twenty seven patients with early Parkinson's disease were evaluated using a standardised videotaping protocol. MM were scored from blinded video assessment using a clinical scale that rates the amplitude, distribution, and proportion of mirroring in the less affected limb. Parkinsonian features were combined into axial and lateralised scores using related items of the Unified Parkinson's Disease Rating Scale. Results: MM were present in 24 of 27 patients. There was a significant linear correlation between the degree of asymmetry of motor deficits and MM on the less affected side. The effect of asymmetry was greater when the proportional rather than the absolute motor difference between sides was largest. Asymmetry in leg rigidity was the most important examination feature in the prediction of contralateral foot mirroring. Conclusions: MM are a clinical feature of the unaffected or less affected side in mild asymmetric parkinsonism. Their presence may be a useful clinical finding in early parkinsonism.
M
irror movements (MM) are involuntary and unnecessary movements that accompany voluntary activity in homologous muscles on the opposite side of the body. They frequently involve the distal upper limbs during repetitive or alternating finger or hand movements. This phenomenon has been well recognised in normal early childhood and in a variety of hereditary and acquired disorders. [1] [2] [3] [4] [5] [6] [7] [8] Although no unifying theory accounting for its mechanism is entirely accepted, MM in such neurological disorders as X linked Kallmann's and childhood hemiparesis have been postulated to occur as a result of abnormal transcallosal inhibitory connections, relative overactivity of the ipsilateral motor cortex, failure of corticospinal tract decussation, or a combination of the above. [9] [10] [11] [12] MM have not been widely appreciated as a feature of parkinsonian disorders, although it is recognised that they may be present in corticobasal degeneration, typically in the more affected hand, when the clinically less affected hand is attempting to perform motor tasks. 13 However, it is not generally documented that MM can be seen in the least affected limb in patients with typical Parkinson's disease (PD). We reported our preliminary findings on the association between MM and hemiparkinsonism in 2002.
14 Subsequently, Vidal et al confirmed the presence of this phenomenon in the unaffected side of patients with mild hemiparkinsonism. 15 We now report our detailed clinical evaluation of this clinical sign in patients with early, asymmetric parkinsonism.
MATERIALS AND METHODS

Subjects
Patients with suspected MM and recent onset, asymmetric parkinsonism consistent with idiopathic PD who were seen at the movement disorders centre, Toronto Western Hospital, Canada, between September 2001 and January 2003 were recruited. The university health network research ethics board approved our study and all patients signed informed consent. Exclusion criteria included evidence of associated lower motor neurone (atrophy, fasciculations, weakness, and hyporeflexia) or upper motor signs, previous neurosurgical procedures, severe resting tremor on the less affected side, which could preclude observation and scoring of mirroring, or clinical features that suggested a diagnosis other than PD including, but not restricted to, oculomotor disturbances, cognitive impairment, apraxia, and early falls. Although treatment with low doses of dopamine agonist monotherapy was permitted, patients treated with levodopa were generally excluded because of the potential for drug induced dyskinesias to be confused with MM. Only one patient who had been on a low dose of levodopa (200 mg/day) was included because confounding dyskinesias were not felt to be a concern.
Clinical evaluation
The initial assessment included ascertainment of handedness, duration of symptoms, side of first symptoms, and nature of earliest deficit. Patients underwent motor evaluation according to the motor subscale (part III) of the Unified Parkinson's Disease Rating Scale (UPDRS). 16 Four tasks performed using the most affected limbs were videotaped: tapping of thumb against index finger (finger tapping, UPDRS item 23), rapid hand opening and closing (hand movements, UPDRS item 24), rapid hand pronation-supination movements (rapid alternating movement of hands, UPDRS item 25), and rapid ankle flexion-extension (foot tapping, UPDRS item 26). The videotape protocol required patients to sit on an examination table and perform each task for 15 cycles using their more affected limb at a rate of approximately 1 Hz. The resting, less affected or unaffected forearm was supported in the lap with the hand held in neutral position, approximately halfway between pronation and supination. The ipsilateral foot dangled unsupported. These arm and leg positions were adopted because pilot testing suggested that mirroring was less overt when subjects had their limbs outstretched or resting on a bedside tray above the level of their waist. Subjects were unaware that our observations were focused on the resting hand and foot because of the concern that such information may have altered the MM phenomenology. The video camera was positioned sufficiently far away to include both arms for assessment of hand MM and subsequently both legs to evaluate foot MM, preventing patients from becoming aware of our attention on the non-active limb.
Assessment of parkinsonism and mirroring phenomena To evaluate the regional components of parkinsonism, we used selected items of the UPDRS to determine axial and lateralised deficits. The axial UPDRS subscore was derived from the sum of subjective items 5, 7, 12, 13, 14, and 15 from part II and motor exam items 18, 19, 22 (neck only), 27, 28, 29, and 30 from part III. The lateralised UPDRS subscore was evaluated in two ways: (1) the absolute difference between the motor deficits derived from the sum of items 20-26 (22, limbs only) restricted to one side and the sum of those items from the opposite side (for example, (L 2 R)); and (2) the ratio of this absolute difference and the sum of the scores from the two sides (for example, (L 2 R)/(L + R)). A larger lateralised UPDRS score indicates greater difference of disease burden between sides and, therefore, more asymmetry. In addition, we calculated a composite rigidity-bradykinesia score for each limb. Similarly, for the lower extremities, the scores for the more affected (MAL) and less affected (LAL) leg were calculated as follows: MAL = (UPDRS item 22 + UPDRS item 26) for more affected leg. LAL = (UPDRS item 22 + UPDRS item 26) for less affected leg.
An investigator, unaware of the clinical variables collected separately, determined the severity of the mirroring. This entailed blinded videotape assessment using a scale that rated amplitude, distribution, and proportion of mirroring activity in the less affected limbs (table 1; for representative mirroring subjects see video available at http:// www.jnnp.com/supplemental).
The three item scale included a measure of amplitude (defined as the range of excursion of the fingers and wrist (for hand MM) and ankle (for foot MM)), distribution (the extent to which these movements matched those of the joints and muscles of the task performing limb), and proportion (the approximate fraction of time during which the mirroring occurred during task performance). When in doubt about the degree of mirroring, the lower most appropriate rate for the movement was used. Because there were three tasks in the potentially mirroring hand (UPDRS items 23-25) and one in the ipsilateral foot (UPDRS item 26), the total possible score was 40. Our cohort exhibited a range of 0-31. Tables 2 and 3 list the demographic features of the 27 patients. The side of the first symptom, the nature of their first symptom, age, and sex had no influence on MM score, disease duration, or UPDRS score.
RESULTS
Baseline characteristics
General features of mirroring MM were easily discernible in the less affected limb in 24 of the 27 early asymmetric patients with PD. No MM were noted in the most affected limb while the patient performed activities in the less affected limb. Mirroring was present only in the hand in 10 of 24 and in the foot in two of 24. Half of our mirroring subjects (12 of 24) had both hand and foot MM. Of these, mirroring was more predominant in the less affected hand in seven of 12 and in the less affected foot in five of 12. Hand mirroring was slightly more common during finger tapping (mean score, 5.23; maximum possible, 10) than during hand movements (mean, 4.04) or forearm pronation-supination (mean, 4.91). The mean (SD) total MM score was 14.8 (9.3) and was higher in those whose presenting deficit was tremor (mean, 15.5; SD, 10.1) than bradykinesia (mean, 8.3; SD, 3.7). Mirroring in the resting limb could be conspicuous during one task (for example, finger tapping) but absent during another (for example, pronation-supination of the forearm).
Relation between mirroring and parkinsonian features The lateralised UPDRS score predicted the severity of mirroring in the less affected or unaffected side in a linear fashion (R = 0.56; p = 0.005; fig 1A) , and this finding remained significant even when the three subjects without mirroring were included (R = 0.39; p = 0.046). When using an index of asymmetry by determining the ratio between absolute differences of motor deficits between sides and the total motor impairment, a significant direct correlation between this index and the MM scores was found (R = 0.728; p , 0.001; fig 1B) , indicating that the higher the absolute difference between sides in relation to the total impairment (higher ratio), the more prominent the mirroring observed. Conversely, patients with a greater burden of motor impairment and more symmetry of bilateral deficits (lower ratio) exhibited little or no mirroring. In other words, given two individuals with similar absolute motor differences between sides, greater mirroring was present in the individual who exhibited a greater proportional difference, as is the case at the milder end of the motor impairment spectrum (for example, approaching the state of pure hemiparkinsonism). Although there was a trend for an inverse correlation between the total UPDRS and MM, no correlation was found between MM and the modified axial UPDRS or the duration of disease. To determine regional predictors of mirroring, we first evaluated the influence of the combined rigidity-bradykinesia composite on MAA, MAL, LAA, and LAL scores. Foot mirroring, but not hand mirroring, was predicted when both leg composites were considered together in a multiple regression analysis (R = 0.55; MAL, b = 3.60, p = 0.02; and LAL, b = 25.92, p = 0.004). This suggested that the more severe the core motor deficits (rigidity and bradykinesia) in the more affected leg, the greater the correlation with foot mirroring in the less affected leg, particularly if this limb exhibited minimal motor deficits.
When differences in bradykinesia and rigidity between sides were considered in separate linear regression models, a significant direct correlation was found only between lateralised rigidity in the legs and foot MM (R = 0.66; p,0.001). Differences in rigidity or bradykinesia between arms failed to predict hand mirroring.
DISCUSSION
We have found that MM are a feature of asymmetric parkinsonism, particularly when overall motor impairment is relatively minor. Hand and foot mirroring were predicted by the difference in motor deficits between sides. Differential rigidity in the legs was significantly associated with foot mirroring. Because no relation was found between MM and the total motor UPDRS score, a modified axial score, or the duration of disease, the Regression analysis between MM scores and the asymmetry index. The asymmetry index was defined as the ratio between absolute differences of motor deficits between sides divided by the total motor impairment, according to the following formula: lateralised UPDRS ratio = ((UPDRS left 2 UPDRS right)/(UPDRS left + UPDRS right)). Three patients without MM were removed from this analysis.
phenomenon is not necessarily a feature of early disease, but instead predominantly a feature of asymmetric disease, in which the more affected side has higher motor scores, whereas the least affected side is minimally or not involved at all.
One report has been published regarding the association of mirror movements and hemiparkinsonism. 15 This was based on the elicitation of mirroring during UPDRS bradykinesia tasks, and was similar to our original observation 14 that MM occur in the relaxed less affected or unaffected hand while voluntary movements are performed with the more affected hand. In addition, their study in 11 untreated patients with hemiparkinsonism found a significant correlation between the UPDRS motor score and the ''occurrence'' of MM using a dichotomous outcome of its presence or absence. Contrary to this, we had reported a tendency for an inverse correlation between total motor UPDRS and the severity of mirroring.
14 Our larger sample reported here is consistent with this trend, although the negative coefficient did not reach significance. Nevertheless, our data suggest instead that it is the differential severity of motor impairment between sides, as demonstrated by the strong effect of the absolute and relative UPDRS lateralised scores, that best predicts mirroring on the less affected side. Because Vidal et al studied patients with pure hemiparkinsonism with a mean motor UPDRS of 12 (compared with 19 in our cohort), their UPDRS scores are practically equivalent to the lateralised measure we defined for our evaluation. Had patients with more parkinsoniam impairment of the ''unaffected'' side been included in their analysis, the non-lateralised motor UPDRS might have failed to predict mirroring.
MM of hands and fingers are normally seen in early childhood and fade with age. 17 Their persistence has been associated with various disorders that presumably impair interhemispheric pathways involved in limb motor control. In the most studied disorder associated with MM, X linked Kallmann's syndrome, 18 the agenesis of the corpus callosum and, possibly, the absence of pyramidal decussation support this hypothesis. Among acquired disorders, stroke has received considerable attention. [19] [20] [21] MM occur most often in the unaffected hand, especially among those with greater motor deficits but also, to a lesser extent, in the paretic hand. Interestingly, MM in the paretic hand have been associated with better motor function. 19 Increased activation of the unaffected motor cortex with preserved activation in the stroke hemisphere has been correlated with MM in the unaffected hand. 22 This is supported by transcranial magnetic stimulation and H 2 15 O positron emission tomography activation studies of primary MM syndromes, where enhanced facilitation and increased cerebral blood flow of the ipsilateral motor cortex has been found. 21 Therefore, MM may arise from increased activity of the ipsilateral cortical hand projections or, alternatively, from reduced transcallosal inhibition or increased transcallosal facilitation. At present, the underlying pathophysiology of MM in parkinsonism remains undetermined, but is almost certainly distinct from that resulting in the persistent MM related to pyramidal abnormalities present in congenital mirror movements, Klippel-Feil syndrome, X linked Kallmann's syndrome, or other structural abnormalities.
Given the restrictions of our study design, we cannot comment on how often these movements are present in patients with early parkinsonism. Based on our clinical observations, however, we have been impressed that when carefully sought, they are evident in most patients with asymmetrical clinical features. We have also found that their absence is a useful feature in patients with very asymmetrical or unilateral psychogenic parkinsonism. The natural evolution of MM is uncertain. Our results would predict that the increasing symmetry of disease with longer disease duration should progressively decrease their presence. A longitudinal study will be needed to establish the effect of disease progression and dopaminergic treatment on the mirroring phenomenon. However, in later stage parkinsonism, levodopa induced dyskinesias may impair the assessment of the presence of MM, especially because dyskinesias tend to occur earlier in the most affected side. Here, ''overflow'' dyskinesias induced by activation of the other limb may confound the mirroring phenomenology. We are also unable to comment on the prognostic relevance that MM might have. All patients in our study had a diagnosis of PD and some were subsequently confirmed to have an adequate response to levodopa or dopamine agonists. However, sufficiently longterm follow up would have been required to exclude other causes of parkinsonism. It is our impression that MM correlate with clinical asymmetry and not with diagnosis because we have also seen MM in patients with asymmetric parkinsonism caused by multiple system atrophy.
In summary, MM of the unaffected or less affected hand and foot are a feature of relatively mild asymmetrical parkinsonism, especially dominated by rigidity. Further studies may shed light on the potential value of MM in categorising and staging patients with early parkinsonism. NEUROLOGICAL PICTURE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Feeding cats might be dangerous: penetrating orbital and brain injury without neurological deficits A 67 year old alcoholised woman stumbled over an unevenness, lost her balance, and fell into an ordinary butterknife while preparing cat food. Initially the woman was awake with a Glasgow coma scale (GCS) of 9. On hospital admission, she was intubated, sedated, the pupils were equal and reactive to light, the eyeballs were both intact, and there was no neurological deficit. The handle of the knife was protruding from the right orbit. There was a leakage of bloody cerebrospinal fluid (CSF) out of the inner right canthus.
X ray and computed tomography (CT) demonstrated the blade penetrating the medial part of the right orbit-gyrus rectus extending to the anterior horn of the right lateral ventricle (fig 1) . Beside there was an old infarction area due to the right medial cerebral artery. After exclusion of a space occupying intracerebral haemorrhage the knife was pulled out in the operating theatre. After removing the knife a control CT was performed revealing only a minimal traumatic subarachnoid haemorrhage (tSAH) (fig 2) . Thereafter, the right canthus was microsurgically sutured.
Postoperative contrast-enhanced, T1 and T2 weighted magnetic resonance images revealed minimal tSAH and a slight defect zone in the right gyrus rectus (fig 3) . Hypothalamus, pituitary gland, and optic nerve were completely unaffected. Initially, CSF analysis indicated massive erythrocytes (due to the tSAH), a disturbed bloodbrain-barrier function, and a total cell count of 38/mm 3 . Hormonal testing was inconspicious including prolactin, follicle-stimulating hormone, lutheinizing hormone, growth hormone, thyrotropin, and corticotropin. Electrolytes were normal and the patient did not develop a syndrome of inappropriate secretion of antidiuretic hormone (SIADH). Neuroophtalmologic investigation revealed no loss of visual acuity and full ocular motility.
She received a prophylactc antibiotic therapy including amoxicillin/clavulanate (362.2 g), ciprofloxacin (260.5 g), and metronidazole (260.4 g). Through the clinical course the patient showed no signs of infection. As an independent complication she developed a crural thrombosis and was discharged on day 37 after initial trauma. Penetrating orbital trauma should alert the clinician because of potentially devastating consequences. Even an intact orbital globe does not exclude intracranial trauma. The high mortality rate associated with cranial penetration injuries is mainly a result of intracranial suppuration. [1] [2] [3] Therefore, an appropriate, broad spectrum antimicrobial therapy is inevitable. Considering the serious injury the patient's course was remarkably inconspicuous. 
